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@ Preparing metallic zirconium, hafnium ortitanlum. 

@ Metallic zirconium, hafnium or titanium is prepared by 
bringing a fluorine-containing compound thereof into con- 
tact with heated metallic aluminium or magnesium, to 
convert the fluorine-containing compound into the corres- 
ponding metal. 
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PREPARING METALLIC ZIRCONIUM. HAFNIUM 
OR TITANIUM 

The present invention relates to the preparation 
of tnetalllo,'2iroonlun], metallic hafnium and metallic 
titanium. 

So far, metallic zirconium (Zr) and metallic 

5 hafnium (Hf ) have been produced by reducing their 

chlorides with metallic magnesium or sodium in a stream 
of an inert gas. Since metallic sodium is hazardous, 
metallic magnesium has been used more often as the 
reducing agent. Metallic titanium has generally been 

10 produced from TiOg, by chlorinating it in the presence 
of carbon to produce TiCl|^ as an intermediate, and 
reducing this intermediate by contact with metallic 
magnesium or sodium to obtain metallic titanium. 

Thess xsonventional processes, however, involve rather 

15 rather complicated operations for producing metallic 
zirconium or metallic hafnium and a high cost in 
consumption of metallic magnesium or sodium. In the 
preparation of metallic titanium, sources of raw material, 
TiOg are limited since the material is required .to have 

20 a low content of impurities, and a complex process for 
purifying the TiCl^ intermediate is needed before 
metallic titanium Is produced. In addition, the 
preparation of titanium is accompanied by troublesome 
management in order to attain the desired end. The 

25 high cost involved when metallic magnesium or sodium is 
used for the' reduction necessarily raises the production 
cost of metallic titanium. This is the chief reason 
why application of titanium la not. widely developed 
despite the excellent properties -of the metal. 

30 The present invention provides a'.new, improved, 

process which is intended to overcome such drawbacks 
of the previous processes. The invention provides a 
process for preparing metallic zirconium, hafnium or 



titanium, which process comprises bringing a fluorinP-'^^ 
-containing compound of zirconium, hafnium or titanium 
into contact with heated metallic aluminium or magnesium, 
to convert the fluorine-containing compound into the 
5 corresponding metal. 

In this invention, metallic Zr, Hf and Ti are 
pretiared from fluorine-containing compounds of the metals, 
instead of from their chlorides. The fluorine-containing 
compounds are better starting materials. Crystals of them 

10 are prepared more easily. The fluorine-containing 

compounds provide more easily purifiable crystals than do 
the corresponding chlorides. In addition, metallic 
aluminium can be used as the reducing agent in the present 
invention. Furthermore, the fluorine necessary for 

15 preparing the fluorine-containing compounds as 
intermediates can be recirculated in the process. 

In the present process, a fluorine-containing compound 
of zirconium, hafnium or titanium reacts with heated 
metlllio aluminium or magnesium to convert the fluorine- 

20 -containing compound Into the corresponding metal. The 
reaction should naturally not be conducted in the 
presence of material which mars the reaction. Oxygen, 
for example air, mars the reaction and hence should be 
avoided. The reaction can be conducted in the presence 

25 of an inert gas or a reducing gas. Alternatively, the 
reaction can be conducted "in vacuum", i.e. with no other 
gas being present besides any from the fluorine- 
-containing compound and the aluminium or magnesium. 
Preferably, the fluorine-containing compound in the 

30 reaction is gaseous. The compound may contact initially 
as a solid with the aluminium or magnesium and then be 
heated to make it gaseous. In a preferred embodiment, 
the reaction is conducted with the compound being 
gaseous and being in an inert gas or a reducing gas. 

35 To prepare zirconium or hafnium, .the aluminium or 

magnesium is generally heated to a temperature above 
^00 C. To prepare titanium, the aluminium or magnesium 
is generally heated to a temperature above 220°C. 
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The fluorine-containing compound can be for 
instance mi^)^ZrF^, (NH^)2HfFg, (NH^)2TiFg, JiF^, 
ZrF^j, HfFjj or K^TiFg. 

Gaseous fluorine-containing oompound is generally 
produced by heating solid fluorine-containing compound i 

The fluorine-containing compound is preferably 
produced by extracting a zirconium, hafnium or titanium 
compound into an organic solvent, and bringing the 
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solution into contact with an aqueous solution 
coptaining at least one of F^, NH/ and K* to extract 
into the aqueous phase zirconium, hafnium or titanium 
in the form of a fluorine-containing compound thereof. 
The fluorine -containing compound can then be 
crystallized from the aqueous solution. 

The organic solvent can be regarded as comprising 
an extracting agent, which can be in admixture with a 
diluent. 

In a preferred aspect, the fluorine -containing 
compound is produced by extracting a zirconium, 
hafnium or titanium compound into a solvent comprising 
at least one extracting agent selected from the group 
coi^sisting of (a) alkylphosphoric acids, (b) alkylaryl- 
phosphoric acids, (c) alkylamines, (d) neutral phosphoric 
acid esters and (e) ketones, and bringing the solution 
into contact with an aqueous solution containing at least 
one of NH^+ and K"^ to extract into the aqueous 
phase zirconium, hafnium or titanium in the form of a 
fluorine-containing compound thereof. The solvent 
can comprise the extracting agent, i.e. one or more of 
(a), (b), (c), (d) and (e), diluted with a diluent, 
particularly petroleum hydrocarbon. In a particularly 
preferred embodiment of this aspect, the solvent 
comprises the extracting agent diluted with petroleum 
hydrocarbon, the aqueous solution contains NH/, and 
metallic zirconium or hafnium is prepared. 

In another particulaMy preferred embodiment of 
the present process, metallic titanium is prepared and 
the fluorine-containing compound of titanium is produced 
by extracting a titanium compound into a solvent 
comprising (1 ) at least one extracting agent selected 
from the group consisting of (A) alkylphosphoric acids, 
(B) alkylarylphosphoric acids, (C) carboxylic acids, 
(D) oximes and (E) neutral phosphoric acid esters, and 
(2) petroleum hydrocarbon as diluent, and bringing the 
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iolution into Qontaot with an tquieus nelufcien 
oontBlning at least one of F", NHi,* and K* to extraefc into 
the aqueoui phase titanium in the fopin of a fluorine- 
-containing oonpound thereof. 

The alkylphosphorie aoids whioh oan be employed a? 
extracting agent in the present invention are preferably 
selected fj-om the group oonsisting of the following 
compounds; 

(a) (b) (e) 

0 0 0 0 

11 II II II 

RO - P - OH RO - P - OH RO - P - 0 - P - OR 

t 1 I I 

OR OH OH OH 

(d)..-; (e) (f) 

0 , 0 0 

II II i 

R-P-OH R-P-OH R-P-OH 

1 ' I I 

R OR OH 

(In the formulae, R represents an alkyl group generally 
containing to 22 carbon atoms). The compound DgEHPA 
(di-2-ethylhexylphoaphorio acid) referred to in the 
Examples below is the compound of group (a) where R 
represent?, CgHj^.^. 

The alkylarylphosphorlc acids which can be 
employed in the present invention are preferably 
selected from the compounds of the following general 
formulas 
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RO - P - OH 



(In the formula, R represents an alkyl group containing 

generally l| to m carbon atoms and A represents an 

aryl group, for instance a phenyl, tolyl, or xylyl group). 

The carboxylic acids which can be employed as 
extracting agent in this invention are preferably selected 
from the group consisting of the compounds of the 
following general formulae: 



(b) 



(a) 
R 

I 

R - C - COOH 



10 (In the formulae, R represents an alkyl group having 

4vt'o 18 carbon atoms). 

An example of an oxime which can be employed as 

extracting agent is shown below: 
R 





15 (In the formula, R represents H-, CH^-, ^/ \^ 

^ ' ^^-CE^; and X represents a halogen atom such as 




CI or an H atom). 
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The neutral phosphoric acid esters which can be 
employed in the present invention are preferably 
selected from the following compounds: 

(ai' (b) (o) 




<d) 



0 




(In the formulae, R represents an alkyl group having 
M to 22 carbon atoms). TBP (tributyl phosphate) 
10 referred to in the Examples is the compound of formula 
(a) where R = C^Hg. 

The alkylamines which can be employed in this 
invention are preferably selected from the following 
groups of compounds; 

15 Primary amines : Represented by RNHg, where R 

represents an alkyl group of .4 to 22 
carbon atoms. 



20 



Secondary amines : Represented by RgN" or RgNH, 
where R represents an alkyl group of 
4 to 22 carbon atoms. 
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Tertiary amines : Represented by R^N or R^NH*, 

where R represents an alkyl group of to 
22 carbon atoms. 

TOA (trioctylamine) referred to in the Examples is the 

5 tertiary amine where R = CoH,^. 

0 17 

An example of a ketone which can be employed In this 
invention has the formula: 



Cyclohexanone, (CgH^Q)O, is also a preferred compound. 

The most frequently used diluents in this Invention 
are petroleum hydrocarbons, but aromatic and aliphatic 
hydrocarbons and mixtures thereof can also be used with 
success. Further, a mixture of various hydrocarbons 
such as kerosene is often used. 

In addition, a higher alcohol generally containing 
an alkyl group of 4 to 2^ carbon atoms can be employed to 
improve the quality of the products. The higher alcohol 
is generally present in a proportion ranging from 0 to 
30% (by volume). The concentration of the extracting 
agent should be chosen according to the nature of the 
solution to be treated as well as of the suspected 
impurities., the concentration of the metal of interest 
and of impurities, and also according to the chemical 
species to be extracted. The concentration of the 
extracting agent is generally, however, in the range 
2 to 100% (by volume). 

The metallic aluminium and metallic magnesium for 
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use ta reducing agents my be In the form of a liquid 
or gasr ' The metalllo Zr, Hf or Ti can be produced by 
bringing gaseous fluorine-containing compound thereof 
into contact with the raetallio alurainluin or magnesium 
5 in a stream of an inert gas or a reducing gas or in 
vacuum. 

The inert gas wbioh can be used to maintain the 

reaction conditions in the present process may be for 

example argon, helium or nitrogen, and the reducing gas 

10 for" the same purpose may be for example Hj, CO or a 

number of hydrocarbons whose molecular formula is C H , 

n ro 

The fluoride in the aluminium fluoride or 
magnesium fluoride produced as by-product in the present 
procesi^ 'can be recovered and reused. Thus, it can be 
15 recycled for use in the aqueous solution discussed above 
for producing the fluorlne-oontalnlng compound of 
zirconium, hafnium or titanium. The aluminium fluoride 
or magnesium fluoride can be reacted for Instance with 
steam to produce HF which can be recycled for use in the 
20 aqueous solution. 

The invention is illustrated by the accompanying 
drawings, In which: 

Fig. 1 is a flow sheet illustrating the basic 
process of the Invention; 
25 Fig, 2 is a more elaborate flow sheet which also 

illustrates the production of the starting material; 
and 

Fig. 3 la a yet more elaborate flow sheet which 
also illustrates the recovery and re-use of fluoride 
30 after the basic process. 

The invention will now be described with reference 
to the accompanying drawings, but it will be appreciated 
that discussion is applicable generally. 

The flow sheet of Fig. 1 shows the basic process 
35 for producing Zr, Hf or Ti . The fluorine-containing 
compound (A) of Zr, Hf or Ti is introduced into a 
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reactor (C) where metallic aluminium or magnesium is 
heated, preferably above 400°C for zirconium and hafnium, 
and preferably above 220°C for titanium, in a stream of 
an inert or reducing gas or in vacuum. In the reactor, 
5 metallic zirconium, metallic hafnium or metallic titanium 
is prepared according to reactions such as are expressed 
by tlie' following equations: 



ZrF^ + liAl^Zri + IjAlF^T (1) 

HfF^j + 2Mgi=^Hfl + 2MgF2t (2) 

(NH^)22rFg + 2Mg^Zrvl, + 2MgF2t + 2NH^Ft (3) 

(NH^)2HfFg + liAl^Hf|+l5AlF3t+ 2NH^Ft W 

The fluorine-containing compounds of Zr and Hf are not 
limited to those shown in equations (1) to {H). 

"As shown in the equations above, AlF^, MgFg, HF 
and NH^^F (D) are produced as by-products in addition to 
the metallic zirconium or metallic hafnium. The former 
compounds can be led outside the system in a gaseous 
form, depending on the operating conditions of the 
reactor (C). If they are retained in the reactor, they 
can be removed by washing with water or dilute aqueous 
acids or by heating in a vacuum furnace. 

Metallic titanium can be prepared by the reaction 
with metallic aluminium according to the following 
equations : 

■^nPn + IJAI^TH, + liAlFgt (5) 

.(NH^)2TiFg + ljAl^Ti4. + ljAlF3t + 2NHi,Ff .. (6) 



KgTiFg + l4Al^Ti4r + IjAlFgt + 2KFr 



(7) 
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By-products such as AlF^, KF and NH^^F (D) are led 
outside the reactor (C) in gaseous form to separate 
them from Ti. Alternatively, depending on the 
operating conditions, the metallic titanium is washed 
5 with water or dilute aqueous acid to remove the 
by-products. 

Metallic titanium (E) can be obtained from fluorine- 
-containing compounds of titanium (A) by the reaction 
with metallic magnesium (B). usually heated at a 
10 temperature above 220°C, as shown in the following 
equations: 

TiF^ + 2Mg5=im + 2MgF2'r (8) 

(NH^)2TiFg + 2Mg;=im + 2VigF^ + 2NH^Ft (9) 

KgTiFg + 2Mg;=iTii, + 2MgF2t + 2KPr (10) 

15 The flow sheet of Fig. 2 illustrates the process 

in which the fluorine-containing compound of Zr, Hf or 
Ti is produced as starting material. An organic solvent 
(F)^extracting and containing Zr, Hf or Ti is led to a 
stripping stage (G), where Zr, Hf or Ti in the organic 

20 phase is transferred to an aqueous phase (H) by being 

contacted with an aqueous solution (E) which contains one 
or more of NHj^* and F' for Zr and Hf and of NH^"^, F~ and 
K for Ti, to obtain fluorine-containing compounds of 
these metals. This may be illustrated by the 

25 following equations: 

R^j.Zr + 11HF^4R.H + ZrF^ (11) 

Rjj.Hf 4- i|NH^^HF2-s=^ 4R.H + (NH^)2HfFg + 2NH^F . (12) 
H2ZrFg.nTBP + 2NH^jF^=±(NHj, )2ZrFg + nTBP + 2HF (13) 



- 11 - 



0134643 



+ SRgNH.F + (NH^)gSOi, * H^O (1J|) 

Rj,.Tl ♦ «HP;=ii|R.H + TiFj, 

HgTlFg.nTBP * 2NH^F;=:?nTBP + (NH^)2TiFg .... (i6) 

R^.Ti * 4NH,,HP2;=:t i|fi.H * (NH^)2TiFg + 2NH^F .. (17) 

Vi * HKHF2;=iJ|RJi^ KgTiFg * 2KF (18) 

where R.H ia an extracting agent having an H-type 
exohanglng group, and TBP represents tributyl phosphate. 

""Regenerated organle solvent (K) is circulated 
again to the extraction stage. The Zr, Hf or Tl 
transferred to the aqueous medium ia deposited as 
crystals such as (NHi,)2ZrFg, (NH^)2HfFg. TlF^j, 
(NHi,)2TiPg or KjTlFg, and is removed from the aqueous 
medium by filtration (J). The fluorine-containing 
compound of Zr. Hf or Tl obtained (A) is treated as 
shown in Fig. i to produce metallic airconium, hafnium 
or titanium. 

Fig. 3 is a flow-sheet of the present invention 
which includes a procedure for treating A1F-, MgF 
and NHi,F (D) by-products from the reduction of the 
fluoritie-compounds of Zr, Hf and Ti by means of 
metallic magnesium and aluminium. The route from the 
organic solvent (F) which contains Zr, Hf or Ti as a 
result of extraction to the. reactor (C) is as shown in 
Fig. 2. AIF3 "^^2 ^^^^ the reactor (C) ia 
transferred to the decomposition stage (M), where it is 
converted into Al^O^ or MgO (N) by the action of steam 
illustrated by the following 

equations; 
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2AIF3 3H2O (steam )^Al203 * 6HF ^9) 

MgFg + HgO (steam);;=±MgO + 2HF (20) 

The HF (Q) produced in the oxidation reactions is 
introduced for recovery into the absorption stage (P) 
Where a NH^F- and NH^HF^-containing solution circulates 
the solution acting as stripper for Zr, Hf or Ti 

As the reactor (C) of the present invention, those 
of various forms can be used including conventional 
closed type electric furnaces or external heating 
furnaces having a double structure (upright, horizontal 
or rotational). 

The invention is illustrated by the following 
Examples . 



Exaiapl)e;-1 
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Crystals of (NH^)2ZrFg were obtained by a process 
in whioh zirconium extracted with a mixed organic 
solvent consisting of 10% TOA and 90% kerosene was 
5 stripped with a solution containing 250 g/1 of NH^HFg. 
The white crystals (20 g) of (NH^)2ZrFg were heated in 
a stream of argon and the resulting gas passed into a 
reactor, where it was contacted with metallic aluminium 
preheated at 660 C for an hour. Then the reactor was 

10 cooled. Analysis of the material lying at the bottom 
of the reactor revealed that metallic zirconium was 
present -at the deep bottom, being covered by the 
metallic aluminium thereon. The substance at the deep 
bottom was collected, crushed and analyzed, revealing 

15 that it was 7.5 g of Zr. 

Example 2 

Crystals of (NHjj)gHfFg were obtained by a process 
in which hafnium extracted with 100% MIBK (methyl 
isobutyl ketone) was stripped with a solution 

20 containing 200 g/1 of NH^^HPg. The crystals, in an 
amount of 20 g, were heated in a stream of argon to 
vaporijMi them. Meanwhile, metallic aluminium was 
heated at 660°C in a stream of argon to vaporize it. 
Both vapours were introduced into a reactor for reaction. 

25 When the reactor had cooled, the material deposited 
on its wall was analyzed, revealing that the material 
was 10.8 g of metallic hafnium. 

Example 3 

Crystals of (NHj^)2ZrFg were obtained by a process 
30 in which zirconium extracted with a mixed organic 

solvent consisting of 60% TBP and 10% aromatic hydro- 
carbon^, -was stripped with an aqueous solution containing 
180 g/1 of NHj^F, 20 Grams of the crystals were placed 
together with metallic magnesium at the bottom of a 
35 reactor. The 
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temperature of the reactor was then raised rapidly in a 
stream of argon, and maintained at 800°C for an hour. 
Then the reactor was cooled. Analysis of the residue 
found revealed it to be 7.5 g of metallic zirconium. 

5 Example H 



A total of 10 g of white crystals of TiPjj was 
converted into a gas by heating at 600°C in a stream of 
argon, and this gas was blown into a reactor which was 
filled up with argon gas and contained metallic aluminium 
10 in the molten state- When the reactor had cooled, a 
black reaction product found on the inside wall and at 
the bottom proved to be 3.8 g of metallic titanium. 

Example 5 

A mixed organic solvent consisting of 30% of 
15 DgEHPA and 70% of n-paraffin (paraffin hydrocarbon 

having 2 to 11 carbon atoms) contained extracted Ti ions 
in a concentration of 15 g/1. Crystals of (NH^)2'rif6 
were obtained by contacting this solvent with an aqueous 
solution containing 150 g/1 of NH^HF^. 20 Grams of 
20 the white crystals (NH^)2TiFg were heated to vaporize 
them in a stream of argon and the vapour passed to a 
reactor which was preheated and maintained at 1000°C. 
Meanwhile, alurainiura was vaporized by heating in a 
stream of argon. The two vapours were brought into 
25 contact in a separate reactor. When the latter reactor 
was cooled, analysis of a black reaction product 
deposited on the inside wall and at the bottom of the 
reactor revealed that -it was 1.8 g of metallic titanium. 



Example 8 

30 A mixed organic solvent consisting of 60% of TBP 

and 40% of isoparaffin (comraercially available under the 
name "Isoparaffin") which extracted and contained 
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HgTiFg WAS brought into oontaot with an aqueous 
aolution oontaining 200 g/l of KHFj to produoa oryitela 
of KgTiFg. 20 Orama of the oryatala were packed together 
with 50 f of metallio aluminium at the bottom of a 
5 reactor. The reactor was filled up with Hg gaa and the 
temperature waa rapidly raiaed to 1000®C and maintained 
there for 2 hours. Then the reactor waa cooled. All 
the residue found on the inside wall and at the bottom 
of the feaotor was collected, waahed with 5% HCl, and 
10 analyaed as g of metallic titanium. 

Example 7 

Gaseous TiF|(, which was produced by heating 20 g of 
crystalline TiP|, at a sufficient temperature in a stream 
of hydrogen, was transferred to a reactor in which metallic 
15 magnesium was preheated at 800°C. The reactor was cooled 
after an hour. Then black powders deposited on the inside 
wall and at the bottom of the reactor were collected. 
They amounted to 7.6 g, and were shown to be of metallic 
titaniuDj.;by X«ray diffraction analysis. 

20 Example 8 

A gaseous material produced by heating 20 g of 
(NH^)gTiFg crystals in a stream of argon was blown into 
a reactor in which metallic magnesium was heated at a 
temperature above 800®C in a stream or argon. The 
25 reactor was cooled after an hour. On dismantling the 
reactor, the powders deposited in its inside were found 
to amount to ^.8 g. They were shown to. be of metallic 
titanium by X-ray diffraction analysis. 
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CLAIMS 

1. A process for preparing metallic zirconium, 
hafnium or titanium, which process comprises bringing 
a fluorine-containing compound of zirconium, 
hafnium or titanium into contact with heated metallic 

5 aluminium or magnesium, to convert the fluorine- 
-containing compound into the corresponding metal - 

2. A process according to claim 1 wherein the fluorine- 
-containing compound is (NH^,)2ZrFg, {m^)^HrF^, 
{mi^)^riF^, TiF^, ZrFjj, HfF^j or K^TiF^. 

10 3. A process according to claim 1 or 2 wherein metallic 
zirconium or hafnium is prepared and the metallic 
alumlrhium or magnesium is heated to a temperature above 
400°C. 

4. A process according to claim 1 or 2 wherein metallic 
15 titanium is prepared and the metallic aluminium or 

magnesium is heated to a temperature above 220*^0. 

5. A process according to any one of the preceding 
claims wherein the contact is with heated metallic 
aluminium. 

20 6. A process according to any one of the preceding 
claims wherein the fluorine-containing compound is 
produced by extracting a zircoriium, hafnium or titanium 
compound into a solvent comprising at least one 
extracting agent selected from the group consisting of 

25 (a) alkylphosphoric acids, (b) alkylarylphosphoric acids, 
(c) alkylamines, (d) neutral phosphoric acid esters and 
(e) ketones, and bringing the solution into contact with 
an aqueous solution containing at least one of F", NH^"*" 
and K* to extract into the aqueous phase zirconium, 

30 hafnium or titanium in the form of a fluorine-containing 
compound thereof. 

7. A process according to claim 6 wherein the solvent 
comprises the extracting agent diluted with petroleum 
hydrocarbon. 
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8. A process according to claim 7 wherein metallic 
zirconium or hafnium is prepared and the aqueous solution 
contains NH^"*". 

9. A process according to claim ^ wherein the 

5 fluorine-containing compound of titanium is produced by 
extracting a titanium compound into a solvent comprising 

(1) at least one extracting agent selected from the group 
consisting of (A) alkylphosphorie acids, (B) 
alkylarylphosphoric acids, (C) carboxylic acids, 

10 (D) oxlmes and (E) neutral phosphoric acid esters, and 

(2) petroleum hydrocarbon as diluent, and bringing the 
solution into contact with an aqueous solution containing 
at least one of F~, NHij"*" and K"*" to extract into the 
aqueous phase titanium in the form of a fluorine- 

15 -containing compound thereof. 

10. A process according to any one of claims 6-9 wherein 
the aluminium fluoride or magnesium fluoride produced 

is treatjed to recover the fluoride content and this is 
recycled for use in the aqueous solution. 
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|Ab03orMgO[ — (N) 



